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MISCIBLE SOLVENT ENHANCED OIL
RECOVERY

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to U.S. Provisional Appli-
cation Ser. No. 62/319,856, filed Apr. 8, 2016, which 1s
incorporated by reference herein 1n 1ts entirety.

FIELD

Embodiments of the disclosure relate to systems and
methods for enhanced or improved oil recovery using a
miscible solvent.

BACKGROUND

Estimates of worldwide o1l in-place range up to 1.5
trillion barrels. Using that figure, since conventional recov-
ery methods (primary and secondary) typically extract one-
third of the original oil-in-place 1n a reservotr, it 1s estimated
that the o1l remaining as residual o1l saturation after con-
ventional recovery would be approximately 1.0 trillion
barrels. Several enhanced o1l recovery (EOR) techniques
generally grouped together as tertiary production schemes
have targeted this resource. In the past, chemical, thermal,
and miscible techniques have been used by the industry.
These EOR techniques typically involve injection of chemi-
cal compounds dissolved 1n water, the 1mnjection of steam, or
the injection of a gas that 1s miscible with the o1l 1n place.

The choice of EOR technique to be used 1s also dependent
on other considerations such as depth, temperature, and
amount of o1l remaining 1n place. Much of the design phase
of an EOR project 1s spent in the search for the combination
of processes and injection schemes that will maximize o1l
recovery relative to the cost of implementing a particular
technique. Most 1njection materials in use today have prop-
erties that differ considerably from the hydrocarbons 1n the
reservoirs. Such differences in properties can reduce extrac-
tion efliciency.

Theretfore there 1s a need for new and improved enhanced
or improved o1l recovery techniques.

SUMMARY

In one embodiment, a method for enhanced or improved
o1l recovery comprises injecting a miscible injection flmd
through an 1njection well into a hydrocarbon bearing reser-
voir to displace hydrocarbons, wherein the miscible injec-
tion fluid comprises an uniractionated hydrocarbon mixture
that 1s miscible with hydrocarbons in the hydrocarbon
bearing reservoir; njecting a mobility control fluid through
the njection well into the hydrocarbon bearing formation
alter mnjection of the miscible mjection fluid; and producing
the displaced hydrocarbons through a production well.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 15 a section view of a hydrocarbon bearing reser-
voir according to one embodiment.

FIG. 2 15 a section view of a hydrocarbon bearing reser-
voir according to one embodiment.

FIG. 3 1s a plan view of a hydrocarbon bearing reservoir
according to one embodiment.

FIG. 4 1s a plan view of a hydrocarbon bearing reservoir
according to one embodiment.
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2

FIG. 5 1s a plan view of a fluid recovery system according,
to one embodiment.

DETAILED DESCRIPTION

Embodiments of the disclosure include miscible 1njection
fluids used for the enhanced or improved oil recovery of
residual hydrocarbons from hydrocarbon bearing reservoirs.
The miscible imjection fluids comprise naturally occurring,
locally available components as a cost eflective approach.
The miscible mjection flumids help reduce and/or eliminate
interfacial tension of the residual hydrocarbons to enhance
or improve o1l recovery.

In one embodiment, the miscible 1njection flmud may
comprise an uniractionated hydrocarbon mixture, such as
Y-Grade natural gas liquids (referred to herein as Y-Grade
NGL). Y-Grade NGL 1s similar 1 viscosity to reservoir oils,
which results 1n good sweep efliciencies when compared to
hydrocarbon gases that are often considerably lower in
viscosity than the reservoir oils. Sweep efliciencies can be
turther improved 11 Y-Grade NGL 1s 1njected 1nto the res-
ervoir in small volumes (also referred to as “slugs™) that are
alternated with slugs of water as a means of lowering the
mobility of the mnjected fluids. Y-Grade NGL 1s a low cost
miscible solvent that 1s an excellent candidate for miscible
solvent enhanced or improved hydrocarbon recovery.

Y-Grade NGL 1s an un-fractionated hydrocarbon mixture
comprising ethane, propane, butane, 1sobutane, and pentane
plus. Pentane plus comprises pentane, isopentane, and/or
heavier weight hydrocarbons, for example hydrocarbon
compounds containing at least one of C5 through C8+.
Pentane plus may include natural gasoline for example.

Typically, Y-Grade NGL 1s a by-product of de-methanized
hydrocarbon streams that are produced from shale wells and
transported to a centralized facility. Y-Grade NGL can be
locally sourced from a splitter facility, a gas plant, and/or a
refinery and transported by truck or pipeline to a point of
use. In 1ts un-fractionated or natural state (under certain
pressures and temperatures, for example within a range of
250-600 psig and at wellhead or ambient temperature),
Y-Grade NGL has no dedicated market or known use.
Y-Grade NGL must undergo processing before its true value
1S proven.

The Y-Grade NGL composition can be customized for
handling as a liquid under various conditions. Since the
cthane content of Y-Grade NGL aflects the vapor pressure,
the ethane content can be adjusted as necessary. According
to one example, Y-Grade NGL may be processed to have a
low ethane content, such as an ethane content within a range
of 3-12 percent, to allow the Y-Grade NGL to be transported
as a liquid in low pressure storage vessels. According to
another example, Y-Grade NGL may be processed to have a
high ethane content, such as an ethane content within a range
of 38-60 percent, to allow the Y-Grade NGL to be trans-
ported as a liquid in high pressure pipelines.

Y-Grade NGL differs from liquefied petroleum gas
(“LPG”). One difference 1s that LPG 1s a {fractionated
product comprised of primarily propane, or a mixture of
fractionated products comprised of propane and butane.
Another difference 1s that LPG 1s a fractioned hydrocarbon
mixture, whereas Y-Grade NGL 1s an unfractionated hydro-
carbon mixture. Another diflerence 1s that LPG 1s produced
in a fractionation facility via a fractionation train, whereas
Y-Grade NGL can be obtained from a splitter facility, a gas
plant, and/or a refinery. A further difference 1s that LPG 1s a
pure product with the exact same composition, whereas
Y-Grade NGL can have a variable composition.
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In 1ts uniractionated state, Y-Grade NGL 1s not an NGL
purity product and 1s not a mixture formed by combining one
or more NGL purity products. An NGL purity product is
defined as an NGL stream having at least 90% of one type
of carbon molecule. The five recognized NGL purity prod-
ucts are ethane (C2), propane (C3), normal butane (NC4),
1sobutane (IC4) and natural gasoline (C5+). The unfraction-
ated hydrocarbon mixture must be sent to a fractionation
tacility, where 1t 1s cryogenically cooled and passed through
a fractionation train that consists of a series of distillation
towers, referred to as deethanizers, depropanizers, and debu-
tanizers, to fractionate out NGL purity products from the
uniractionated hydrocarbon mixture. Each distillation tower
generates an NGL purity product. Liquefied petroleum gas 1s
an NGL purity product comprising only propane, or a
mixture of two or more NGL purity products, such as
propane and butane. Liquefied petroleum gas 1s therefore a
fractionated hydrocarbon or a fractionated hydrocarbon

mixture.
In one embodiment, Y-Grade NGL comprises 30-80%,

such as 40-60%, for example 43%, ethane, 15-45%, such as
20-35%, for example 27%, propane, 5-10%, for example
7%, normal butane, 5-40%, such as 10-25%, for example
10%, 1sobutane, and 5-25%, such as 10-20%, for example
13%, pentane plus. Methane 1s typically less than 1%, such
as less than 0.5% by liguid volume.

In one embodiment, Y-Grade NGL comprises dehydrated,
desulfurized wellhead gas condensed components that have
a vapor pressure of not more than about 600 psig at 100
degrees Fahrenheit (° F.), with aromatics below about 1
weight percent, and olefins below about 1% by liquid
volume. Materials and streams useful for the methods and
systems described herein typically include hydrocarbons
with melting points below about 0 degrees Fahrenheit (° F.).

In one embodiment, Y-Grade NGL may be mixed with a
viscosity increasing agent, a nonionic surfactant, and/or a
crosslinking agent. Y-Grade NGL may be mixed with the
nonionic surfactant to create foam. The viscosity increasing,
agent, the nonionic surfactant, and/or the crosslinking agent
may be mixed with a solubilizing fluid for subsequent
mixture with the Y-Grade NGL. The solubilizing fluid may
comprise fractionated or refined hydrocarbons, such as C;,
C,, Cs, Cq, C,, Cy, C,, and mixtures thereof. The solubi-
lizing fluidd may comprise C3+ hydrocarbons, including
propane, butane, pentane, naphtha, toluene, diesel, natural
gasoline, and any combination thereof.

In one embodiment, the miscible mjection fluud may
comprise an unfractionated hydrocarbon mixture compris-
ing natural gas liquids, condensate (including aromatics),
and traces of water, carbon dioxide, and/or hydrogen sulfide
(collectively also known as L-Grade). The natural gas lig-
uids 1in the mixture comprise ethane, propane, butane, 1sobu-
tane, and pentane plus. Pentane plus comprises pentane,
isopentane, and/or heavier weight hydrocarbons, {for
example hydrocarbon compounds containing C5 through
C33. Pentane plus may include natural gasoline for example.

FIG. 1 1s a schematic illustration of an enhanced or
improved o1l recovery system 100 disposed on surface 110
over a hydrocarbon bearing reservoir 250 according to one
embodiment. The hydrocarbon bearing reservoir 230 1is
located below several formations. In particular, a first sub-
surface formation 220 1s disposed above a second subsurface
formation 230, which 1s disposed above a third subsurface
formation 240. The first, second, and third subsurface for-
mations are disposed above the hydrocarbon bearing reser-

voir 250.
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An mygection well 200 and a production well 210 are
drilled through and traverse the first, second, and third
subsurface formations 220-240 and terminate in the hydro-
carbon bearing reservoir 250. Injection facilities are located
on surface 110 and include one or more storage tanks 145
that are connected via line 140 to one or more injection
pumps 130 to imject fluids into the injection well 200 via line
120. Production facilities are located on surface 110 and
include one or more separators 160 that receive produced
fluids from the production well 210 via line 150. The
separators 160 separate liquids and gases from the produced
fluids. The separated liquids are stored in one or more
storage tanks 180 via line 170 and the separated gases are
transported ofl via pipeline 190.

In one embodiment, a method of enhanced or improved
o1l recovery comprises alternating injections of a miscible
injection tluid 260 and a mobility control fluid 270 into the
hydrocarbon bearing reservoir 250. The method includes
injecting pressurized, defined volumes of the miscible injec-
tion fluid 260 (such as Y-Grade NGL supplied from the
storage tanks 145) through the 1nJect10n well 200 and 1nto
the hydrocarbon bearing reservoir 250 at a pressure which
the miscible 1njection tluid 260 remains miscible with liquid
hydrocarbons 1n the hydrocarbon bearing reservoir 250. The
method further includes mjecting pressurized, defined vol-
umes of the mobility control tluid 270 (such as water, carbon
dioxide, and/or nitrogen supplied from the storage tanks
145) through the injection well 200 and 1nto the hydrocarbon
bearing reservoir 250 after injection of the miscible 1njection
fluid 260.

In one embodiment, the miscible injection fluid 260 may
be mixed with the mobility control fluid 270 (such as water,
carbon dioxide, and/or mtrogen) and simultaneously
injected into the hydrocarbon bearing reservoir 250, fol-
lowed by 1mjection of the mobility control fluid 270 (such as
water, carbon dioxide, and/or mitrogen) only. The method
may include alternating injections of pressurized, defined
volumes of a mixture of the miscible injection fluid 260 and
the mobility control fluid 270 (such as water, carbon dioxide,
and/or mitrogen) with injections of pressurized, defined
volumes of the same or different mobility control fluid 270
(such as water, carbon dioxide, and/or nitrogen) only.

In one embodiment, 1njections of the miscible 1njection
fluid 260 mixed with the mobility control fluid 270 may be
alternated with 1njections of the same or different miscible
injection fluid 260 only within the hydrocarbon bearing
reservoir 250 to inhibit or prevent breakthrough of the
miscible mjection fluid 260 from the mjection wells 200 to
the production wells 210.

Alternating and/or mixing volumes of the miscible injec-
tion tluid 260 and the mobility control fluid 270 mobilize
and displace residual o1l 1n the hydrocarbon bearing reser-
voir 250 to the production well 210. Mobilized o1l, the
miscible 1njection fluid 260, the mobility control fluid 270,
and/or other reservoir fluids (collectively referred to as
“produced fluids™) are produced to the surface 110 through
the production well 210 and directed into the separators 160
via line 150, 1nto the storage tanks 180 via line 170, and to
the pipeline 190. Gas separated 1n the separators 160 1s sent
to the pipeline 190, while separated liquids (such as liquid
hydrocarbons and water) are stored 1n the storage tanks 180.

The mobility control fluid 270 may be used to 1nhibit the
mobility of the miscible injection fluid 260 within the
hydrocarbon bearing reservoir 250 to prevent a rapid break-
through of the miscible injection fluid 260 from the injection
well 200 to the production well 210. Slowing the time 1t
takes for the miscible mnjection fluid 260 to reach the




US 10,781,359 B2

S

production well 210 increases the time for the miscible
injection fluid 260 to mobilize and displace the residual o1l
in the hydrocarbon bearing reservoir 250 to increase recov-
ery efliciency.

FIG. 2 1s a schematic illustration of an enhanced or
improved recovery system 100 disposed on surface 110 over
a hydrocarbon bearing reservoirr 250 according to one
embodiment. The hydrocarbon bearing reservoir 230 1is
located below several formations. In particular, a first sub-
surface formation 220 1s disposed above a second subsurface
formation 230, which 1s disposed above a third subsurface
formation 240. The first, second, and third subsurface for-
mations are disposed above the hydrocarbon bearing reser-
voir 250.

The ijection facilities are located on surface 110 and
include one or more storage tanks 145 that are connected via
line 140 to one or more 1njection pumps 130 to inject fluids
into the ijection well 200 via line 120. The production
tacilities are located on surface 110 and include one or more
separators 160 that receive produced fluids from the pro-
duction well 210 via line 150. The separators 160 separate
liguids and gases from the produced fluids. The separated
liquids are stored in one or more storage tanks 180 via line
170 and the separated gases are transported off via pipeline
190.

In one embodiment, a method of enhanced or improved
o1l recovery comprises injecting the miscible imjection flud
260 mto the hydrocarbon bearing reservoir 250 followed by
injecting the mobility control fluid 270 into the hydrocarbon
bearing reservoir 250. A pressurized volume of miscible
injection fluid 260 (such as Y-Grade NGL supplied from the
storage tanks 145) 1s pumped down the injection well 200
and 1njected into the hydrocarbon bearing reservoir 250 at a
pressure which the miscible 1njection fluid 260 remains
miscible with liquid hydrocarbons in the hydrocarbon bear-
ing reservoir 250. A pressurized volume of mobility control
fluid 270 (such as water, carbon dioxide, and/or nitrogen
supplied from the storage tanks 145) 1s pumped down the
injection well 200 and 1njected 1nto the hydrocarbon bearing
reservoir 250 after injection of the maiscible 1njection fluid
260.

In one embodiment, the miscible 1injection fluid 260 may
be mixed with the mobility control fluid 270 (such as water,
carbon dioxide, and/or nitrogen) and simultaneously
injected into the hydrocarbon bearing reservoir 250, fol-
lowed by injection of the mobility control fluid 270 (such as
water, carbon dioxide, and/or mitrogen) only. The method
may include imjecting a pressurized, defined volume of a
mixture of the miscible mjection tluid 260 and the mobility
control fluid 270 (such as water, carbon dioxide, and/or
nitrogen) into the hydrocarbon bearing reservoir 2350, and
then 1njecting a pressurized, defined volume of the same or
different mobility control fluid 270 (such as water, carbon
dioxide, and/or nitrogen) only.

In one embodiment, an 1njection of the miscible 1njection
fluid 260 mixed with the mobility control fluid 270 may be
followed by an injection of the same or different miscible
injection fluid 260 only within the hydrocarbon bearing
reservoir 250 to inhibit or prevent breakthrough of the
miscible 1njection fluid 260 from the imjection wells 200 to
the production wells 210.

The mobility control fluid 270 may be used to 1nhibit the
mobility of the miscible injection fluid 260 within the
hydrocarbon bearing reservoir 250 to prevent a rapid break-
through of the miscible injection fluid 260 from the injection
well 200 to the production well 210. Slowing the time 1t
takes for the miscible 1njection fluid 260 to reach the
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production well 210 increases the time for the miscible
injection fluid 260 to mobilize and displace the residual
hydrocarbons in the hydrocarbon bearing reservoir 250 to
increase recovery etliciency.

The miscible mjection tfluid 260 initially mobilizes and
displaces residual hydrocarbons 1n the hydrocarbon bearing
reservoir 250 to the production well 210. The mobility
control fluid 270 simultaneously and/or subsequently mobi-
lizes and displaces residual hydrocarbons as well the mis-
cible 1njection fluid 260 1n the hydrocarbon bearing reservoir
250 to the production well 210. Mobilized o1l, the miscible
injection tluid 260, the mobility control fluid 270, and/or
other reservoir fluids (collectively referred to as “produced
fluids™) are produced to the surtface 110 through the produc-
tion well 210 and directed into the separators 160 via line
150, into the storage tanks 180 via line 170, and to the
pipeline 190. Gas separated 1n the separators 160 1s sent to
the pipeline 190, while separated liquids (such as liquid
hydrocarbons and water) are stored 1n the storage tanks 180.

FIG. 3 1s a plan view of an array of wells 400 that can be
used to implement the methods of enhanced or improved o1l
recovery disclosed herein. The array of wells 400 1includes a
first well group 410 (denoted with internal patterning) that
are offset from a second well group 420 (denoted without
internal patterning). The first well group 410 can be used as
the mjection well 200 shown 1 FIGS. 1 and 2, while the
second well group 420 can be used as the production well
210 shown 1n FIGS. 1 and 2. Alternately, the second well
group 420 may be used for injection, while the first well
group 410 may be used for production from the hydrocarbon
bearing reservoir 250. The first and/or second well group

410, 420 may have about 2 wells to about 500 wells. The

first well group 410 may have the same number, a greater
number, or a lesser number of wells than the second well
ogroup 420.

FIG. 4 15 a plan view of an array of wells 500 that can be
used to implement the methods of enhanced or improved o1l
recovery disclosed herein. The array of wells 500 includes a
first well 510 (denoted with internal patterming) that 1s offset
from and disposed between a second well group 520 (de-

noted without internal patterning). The first well 510 can be
used as the 1injection well 200 shown 1 FIGS. 1 and 2, while
the second well group 520 can be used as the production
well 210 shown 1 FIGS. 1 and 2. Alternately, the second
well group 520 may be used for injection, while the first well
510 may be used for production from the hydrocarbon
bearing reservoir 250. The second well group 520 may have
about 2 wells to about 500 wells.

The time period at which the miscible injection fluid 260
1s 1jected mnto the hydrocarbon bearing reservoir 250 may
be equal to, greater than, or less than the time period at
which the mobility control fluid 270 1s injected into the
hydrocarbon bearing reservoir 250. The total volume (or
defined volumes) of miscible mjection fluid 260 that are
injected into the hydrocarbon bearing reservoir 250 may be
equal to, greater than, or less than the total volume (or
defined volumes) of mobility control fluud 270 that are
injected into the hydrocarbon bearing reservoir 250. The
mobility control fluid 270 may be a liquid or a gas. The
mobility control flmd may comprise water, carbon dioxide,
nitrogen, or any combination thereof.

In one embodiment, the injection well 200 may be a
vertical well or a horizontal well. In one embodiment, the
production well 210 may be a vertical well or a horizontal
well. In one embodiment, the first well group 410 and/or the
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second well groups 420, 520 may be all vertical wells, all
horizontal wells, or a combination of vertical and horizontal
wells.

In one embodiment, the viscosity of the hydrocarbons in

the miscible mjection fluid 260 and/or the mobility control
fluud 270 may be about 5 centipoise to about 100,000
centipoise. In one embodiment, the permeability of the
hydrocarbon bearing reservoir 250 prior to mjection of the
miscible injection fluid 260 and/or the mobility control fluid
270 may be about 0.0001 Darcies to about 10 Darcies. In one
embodiment, the injection pressure of the miscible 1njection
fluid 260 and/or the mobility control fluid 270 may be about
0 ps1 (or head pressure of the fluid) to about 10,000 psi.

In one embodiment, the miscible 1njection fluid 260 may
comprise Y-Grade NGL, carbon dioxide, nitrogen, or any
combination thereof. In one embodiment, carbon dioxide
and/or nitrogen may be injected into line 120 or line 140 and
mixed with the miscible injection fluid 260 (such as Y-Grade
NGL) supplied from the storage tanks 145 for injection into
the hydrocarbon bearing reservoir 250. In one embodiment,
carbon dioxide and/or nitrogen may be premixed with the
miscible injection fluid 260 (such as Y-Grade NGL) 1n the
storage tanks 145 for injection nto the hydrocarbon bearing
reservoir 250.

In one embodiment, the miscible injection flmd 260
and/or the mobility control fluid 270 may be injected mto the
hydrocarbon bearing reservoir 2350 through the injection
well 200 at the same time that (simultanecously as) the
produced fluids are being recovered back to the surface
through the production well 210, while maintaining a pres-
sure and/or a temperature within the hydrocarbon bearing
reservoir 250 at which the miscible ijection fluid 260
remains miscible with the liquid hydrocarbons 1n the hydro-
carbon bearing reservoir 2350. In one embodiment, the pres-
sure¢ and/or temperature within the hydrocarbon bearing
reservoir 250 at which the miscible injection tluid 260
remains miscible with the liquid hydrocarbons 1n the hydro-
carbon bearing reservoir 250 1s above the dew point of the
miscible injection tfluid 260.

In one embodiment, the miscible 1njection fluid 260 may
be mixed with a viscosity increasing agent, a nonionic
surfactant, and/or a crosslinking agent. The wviscosity
increasing agent may comprise phosphate esters, amine
carbamates, aluminum soaps, cocoamine (C12-C14), seba-
coyl chloride, oley (C18) amine, toulen-2, 4-diisocyanate,
tolune-2, 6-ditsolcyanate, and any combination thereof. The
nonionic surfactant may be mixed with the miscible 1njec-
tion flud to create foam. The crosslinking agent may com-
prise organometallic complex cross-linkers. The crosslink-
ing agent may comprise boron.

In one embodiment, a solubilizing fluid may be mixed
with the viscosity increasing agent, the nonionic surfactant,
and/or the crosslinking agent to solubilize the viscosity
increasing agent, the nonionic surfactant, and/or the cross-
linking agent for subsequent mixing with the miscible
injection fluid 260. The solubilizing fluild may comprise
fractionated or refined hydrocarbons, such as C,, C,, C., C,,
C,, Cq, Co, and any combination thereof. The solubilizing
fluud may comprise C3+ hydrocarbons, such as propane,
butane, pentane, naphtha, toluene, diesel, natural gasoline,
and any combination thereof.

In one embodiment, the hydrocarbon bearing reservoir
250 may be a previously treated reservoir. In one embodi-
ment, the hydrocarbon bearing reservoir 250 may be a
previously Iractured reservoir. In one embodiment, the
hydrocarbon bearing reservoir 250 may be a fractured

the hydrocarbon bearing reservoir 250 prior to njection of 53
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carbonate reservoir having a high structural relief (e.g. a
steeply dipping structure or formation).

FIG. 5 illustrates one embodiment of a fluid recovery
system 900 for obtaining Y-Grade NGL that can be used
with any of the enhanced or improved o1l recovery systems
100. As illustrate in FIG. 3, a stream of hydrocarbons are
produced from a first hydrocarbon reservoirr 910 to the
surface via a first wellhead 920 where the produced hydro-
carbon stream 1s tlash separated onsite by an onsite separator
930 1nto a wet gas stream (also referred to as a natural gas
stream) and a liquid stream. The natural gas stream 1s
transported, via pipeline for example, to a regional natural
gas processing facility 940 where 1t 1s further processed, and
the liquid stream 1s transported to field storage for example
where 1t 1s sold 1nto the market.

The natural gas stream enters the natural gas processing,

tacility 940 where 1t 1s dehydrated and decontaminated of
CO2, H2S, and N2. The dehydrated and decontaminated
natural gas stream 1s then expanded and cooled to condense
out natural gas liquids. These natural gas liquids (“NGL”)
are an uniractionated hydrocarbon mixture, which 1s
referred to as Y-Grade NGL, raw mix, or unfractionated
NGL. The remaining gas stream 1s transported to a pipeline
for example where 1t 1s sold into the market.

The unfractionated hydrocarbon mixture 1s a liquid mix-
ture that has been condensed from the natural gas stream at
the natural gas processing facility 940. The condensation
process 1s the result of expanding and cooling the natural gas
stream to condense out the uniractionated hydrocarbon
mixture, a process also referred to as de-methanizing the
natural gas stream. The unifractionated hydrocarbon mixture
1s therefore a natural byproduct of a de-methanized hydro-
carbon stream.

The uniractionated hydrocarbon mixture 1s then trans-
ported via a pipeline for example to a targeted reservoir for
use as a miscible imjection fluid 260 with any of the
enhanced or improved o1l recovery systems 100. The mis-
cible imection flmd 260 may be injected via a second
wellhead 950 into a second hydrocarbon bearing reservoir
970 (such as the hydrocarbon bearing reservoir 250 via the
injection well 200 shown i FIGS. 1 and 2) using the
methods and system described above.

While the foregoing 1s directed to certain embodiments,
other and further embodiments may be devised without
departing from the basic scope of this disclosure.

We claim:
1. A method for enhanced or improved oil recovery,
comprising;

injecting an uniractionated hydrocarbon liquid miscible
injection fluid through an imjection well into a hydro-
carbon bearing reservoir to displace hydrocarbons,
wherein the uniractionated hydrocarbon liquid miscible
injection fluid 1s miscible with hydrocarbons 1n the
hydrocarbon bearing reservoir, wherein the uniraction-
ated hydrocarbon liquid miscible injection fluid 1s a
byproduct of a condensed and de-methanized hydro-
carbon stream, wherein the unifractionated hydrocarbon
liquid miscible mjection fluid 1s condensed out of the
hydrocarbon stream at a temperature at or below 0
degrees Fahrenheit, and wherein the uniractionated
hydrocarbon liquid miscible 1njection fluid comprises
at least ethane, propane, butane, 1sobutane, pentane
plus, and less than 1 percent methane by liquid volume;

injecting a mobility control fluid through the injection
well into the hydrocarbon bearing formation to inhibit
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mobility of the unfractionated hydrocarbon liquid mis-
cible mjection fluid from the injection well to a pro-
duction well; and

producing the displaced hydrocarbons through the pro-
duction well.

2. The method of claim 1, wherein the injection well

comprises an array of vertical injection wells, and wherein

the production well comprises an array of vertical produc-

tion wells oflset from the array of vertical injection wells.

3. The method of claim 1, further comprising simultane-
ously 1njecting the miscible 1injection fluid with the mobaility
control fluid into the hydrocarbon bearing reservorr.

4. The method of claim 1, further comprising alternating
injections of the miscible injection fluid with 1njections of
the mobility control fluid into the hydrocarbon bearing
reservolr.

5. The method of claim 1, further comprising simultane-
ously mjecting the miscible injection fluid with the mobaility
control fluid nto the hydrocarbon bearing reservoir, and
then injecting the same or different mobility control fluid
into the hydrocarbon bearing reservoir.

6. The method of claim 1, wherein the mobility control
fluid comprises at least one of carbon dioxide, nitrogen, and
walter.

7. The method of claim 6, further comprising simultane-
ously 1njecting the miscible 1injection fluid with the mobaility
control fluid into the hydrocarbon bearing reservoir.
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8. The method of claim 6, further comprising alternating
injections of the miscible injection tluid with 1njections of
the mobility control fluid into the hydrocarbon bearing
reservotr.

9. The method of claim 6, further comprising injecting the
miscible 1njection fluid with the mobility control fluid nto
the hydrocarbon bearing reservoir, and then injecting the
same or a different mobility control fluid into the hydrocar-
bon bearing reservoir.

10. The method of claim 1, wherein the viscosity of
hydrocarbons i1n the hydrocarbon bearing reservoir 1s
between 5 centipoise to 100,000 centipoise.

11. The method of claim 1, wherein the 1injection pressure
of the miscible 1injection fluid 1s between O psi1 to 10,000 psi.

12. The method of claim 1, wherein the injection pressure
of the mobility control fluid 1s between O ps1 to 10,000 psi.

13. The method of claim 1, wherein the permeability of
the hydrocarbon bearing reservoir 1s between 0.0001 Dar-
cies and 10 Darcies.

14. The method of claim 1, further comprising mixing at
least one of a viscosity increasing agent, a nonionic surfac-
tant, and a cross-linking agent with the miscible 1mjection
fluid for injection into the hydrocarbon bearing reservoutr.

15. The method of claim 1, further comprising mixing a
nonionic surfactant with the miscible injection tluid to create
foam for 1njection into the hydrocarbon bearing reservorr.

¥ ¥ H ¥ H
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